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㞷ୗࢁࡋ㌿ⴠ஦ᨾ㜵Ṇᑐ⟇࡟㛵ࡍࡿᥦ᱌
ᆅᇦ௻ᴗ࡜ࡢࢩࢫࢸ࣒ඹྠ㛤Ⓨ
ᑠᯘ ῟ 㸪Ⳣ㔝⚽ே 㸪Ḉ஭┿ே 㸪▼ᒣ ᬛ 
 
1 ⛅⏣┴❧኱Ꮫࢩࢫࢸ࣒⛉Ꮫᢏ⾡Ꮫ㒊ᘓ⠏⎔ቃࢩࢫࢸ࣒Ꮫ⛉ 
 
 
 
 
 
 
 
 
 
 
 
 
࣮࣮࢟࣡ࢻ㸸㞷ୗࢁࡋ㸪㌿ⴠ஦ᨾ㸪஦ᨾ㜵Ṇ㸪✚㞷ᆅᇦ㸪Ᏻ඲ᑐ⟇㸪⛅⏣┴ 
 
⛅⏣┴ࢆࡣࡌࡵ㸪᪥ᮏᾏഃࡢ✚㞷ᆅᇦ࡛ࡣ෤ᮇ㛫
ࡢ㞷ୗࢁࡋసᴗࡀᚲせ࡜࡞ࡿሙྜࡀ࠶ࡿ㸬≉࡟ᮌ㐀
ఫᏯ࡛㸪⼥㞷⿦⨨࡞࡝㸪✚㞷࡟ᑐࡍࡿ≉ูࡢ㓄៖ࡀ
࡞ࡉࢀ࡚࠸࡞࠸ሙྜ࡟ࡣ㸪✚㞷ࡢ≧ἣ࡟ᛂࡌ࡚ᒇ᰿
ୖࡢ㝖㞷సᴗ㸦㞷ୗࢁࡋ㸧ࡀᚲせ࡛㸪୍෤࡛ᩘᅇ࠿
ࡽ㸪ከ࠸࡜ࡇࢁ࡛ࡣ 10ᅇ௨ୖࡢసᴗࡀᚲせ࡜࡞ࡿ㸬 
ࡇࡢసᴗࡣᑓ㛛ᴗ⪅ࡀ⾜࠺ሙྜࡶ࠶ࡿࡀ㸪ከࡃࡢ
ሙྜࡣᒃఫ⪅⮬㌟ࡀᐇ᪋ࡋ࡚࠾ࡾ㸪Ᏻ඲ᑐ⟇ࡢ୙ഛ
࡟ࡼࡿ⁥ⴠ࣭㌿ⴠ➼ࡢ஦ᨾࡀከᩘⓎ⏕ࡋ࡚࠸ࡿ㸬୺
ཎᅉࡣ㞷⮬యࡀ⁥ືᛶࢆᣢࡗ࡚࠸ࡿࡇ࡜࡛࠶ࡿࡀ㸪
ࡑࢀ࡟ᑐࡍࡿ࿨⥘㸪Ᏻ඲ᖏ࡞࡝ࡢ㜵ㆤ⟇ࡀㅮࡌࡽࢀ
࡚࠸࡞࠸ࡇ࡜ࡀ㔜኱஦ᨾ࡟ࡘ࡞ࡀࡿせᅉ࡟࡞ࡗ࡚࠸
ࡿ㸬 
㜵ㆤ⟇ࡀㅮࡌࡽࢀ࡚࠸࡞࠸⌮⏤࡜ࡋ࡚㸪➨୍࡟㸪
୍⯡ࡢఫᏯ࡛ࡣ࿨⥘ࢆᅛᐃࡍࡿ㒊ศࡀタࡅࡽࢀ࡚࠾
ࡽࡎ㸪ᒇ᰿࡟ୖࡿ㝿࡟ᚲせ࡜࡞ࡿᲓᏊࢆᅛᐃࡍࡿሙ
ᡤ࡟ᑐࡋ࡚ࡶ≉ẁࡢ㓄៖ࡀ࡞ࡉࢀ࡚࠸࡞࠸㸬➨஧ࡢ
⌮⏤࡜ࡋ࡚㸪ᐮࡉࡢ୰࡛ࡢ㞷ୗࢁࡋసᴗࢆ▷ᮇ㛫࡟
⤊ࢃࡽࡏࡿᚲせࡀ࠶ࡿࡢ࡟ᑐࡋ࡚㸪࿨⥘➼ࢆ⿦╔ࡍ
ࡿࡇ࡜࡟ࡼࡾసᴗᛶࡀᦆ࡞ࢃࢀࡿࡓࡵ㸪ࡉࡽ࡟ࡣ㸪
సᴗ࡟ᑐࡍࡿࠕ័ࢀࠖࡀ࠶ࡾ㸪Ᏻ඲ᖏࡢ╔⏝࡜࿨⥘
ࡢ౑⏝࡞࡝ࡢᏳ඲ᑐ⟇ࢆ┬␎ࡋࡓ࠸࡜࠸࠺ᚰ⌮ࡀാ
ࡃࡓࡵ࡛࠶ࡿ㸬ࡋࡓࡀࡗ࡚஦ᨾ㜵Ṇࡢࡓࡵ࡟ࡣ㸪స
ᴗᛶࢆᦆ࡞ࢃ࡞࠸Ᏻ඲ჾල࡜⡆౽࡞సᴗᡭ㡰ࢆ㛤Ⓨ
ࡋ㸪ࡑࡢᡂᯝࢆᬑཬࡉࡏࡿᚲせࡀ࠶ࡿ㸬 
ᮏ᳨ウࡣ㸪⛅⏣┴⥲ྜ㜵⅏ㄢࡢࠕ㞷ୗࢁࡋసᴗᏳ
඲ලᨵⰋ㛤Ⓨ᳨ウ఍ࠖ࡜ࡋ࡚ୗグࡢᆅᇦ௻ᴗ࡜ඹྠ
࡛㛤ⓎࡋࡓᏳ඲ᖏ㸪࿨⥘࣭ぶ⥘ࡢ⥭⤖᪉ἲ㸪᪼㝆⏝
ᲓᏊࡢᅛᐃ᪉ἲ➼ࢆ⤌ࡳྜࢃࡏࡓᏳ඲࡞㞷ୗࢁࡋస
ᴗࡢᬑཬࢆᅗࡿࡇ࡜ࢆ┠ⓗ࡜ࡋࡓࡶࡢ࡛࠶ࡿ㸬ᮏሗ
࿌࡛ࡣࡇࡢᡭἲࡢసᴗຠ⋡࡜ᙉᗘⓗ࡞Ᏻ඲ᛶࢆ☜ㄆ
ࡍࡿࡓࡵ࡟ᐇ᪋ࡋࡓᐇ㦂⤖ᯝ࡟ࡘ࠸࡚ሗ࿌ࡍࡿ㸬 
 
 
✚㞷ᆅᇦ࡛ࡣᒇ᰿ࡢ㞷ୗࢁࡋసᴗ୰ࡢ㌿ⴠ࠶ࡿ࠸ࡣ㸪ᒇ᰿࠿ࡽࡢⴠ㞷➼࡟ࡼࡿ஦ᨾࡀከⓎࡋ࡚࠸ࡿ㸬2012ᖺᗘࡢ⤫ィ࡛ࡣ㸪⛅⏣┴
ෆ࡛ 234 ேࡢṚയ஦ᨾࡀⓎ⏕ࡋ࡚࠾ࡾ㸪ࡑࡢ⣙༙ᩘࡣ㞷ୗࢁࡋసᴗ୰࡟ᒇ᰿ࡸᲓᏊ࠿ࡽ㌿ⴠࡋࡓࡇ࡜࡟ࡼࡿࡶࡢ࡛࠶ࡿ㸬㞷ୗࢁࡋ
సᴗ࡟㝿ࡋ࡚ࡣ⁥ⴠ࣭㌿ⴠ஦ᨾ࡟ഛ࠼ࡓᏳ඲ჾල➼ࢆ⿦╔ࡍࡿࡢࡀᇶᮏ࡛࠶ࡿࡀ㸪ձ࿨⥘ࢆᅛᐃࡍࡿࡓࡵ࡟㐺ษ࡞ሙᡤࡀ࡞࠸㸪ղ
࿨⥘ࡢ⿦╔࡟ࡼࡾసᴗᛶࡀᦆ࡞ࢃࢀࡿ࡞࡝ࡢ⌮⏤࡟ࡼࡾ㸪సᴗ୰ࡢᏳ඲ᛶࡀ༑ศ࡟☜ಖࡉࢀ࡚࠸࡞࠸ሙྜࡢ஦ᨾ౛ࡀ࡯࡜ࢇ࡝࡛࠶
ࡿ㸬ࡉࡽ࡟ࡣ㸪ճసᴗࡢࡓࡵࡢ᪼㝆࡟ᚲせ࡞ᲓᏊࡢᅛᐃࡀ༑ศ࡛࡞࠸㸪մ஦๓࡟‽ഛࡋࡓᅛᐃ㔠ලࡀ㞷࡟ᇙࡶࢀ࡚࠸࡚ぢࡘࡅ࡟ࡃ
࠸ࡇ࡜࡟ࡼࡾ㸪సᴗ㛤ጞ๓࡟஦ᨾࡀⓎ⏕ࡍࡿࡇ࡜ࡶ࠶ࡿ㸬ࡲࡓ㸪յᚑ᮶ࡢᏳ඲ᖏࡣ⭜㒊ศࡢࡳࢆᅛᐃࡍࡿࡓࡵ㸪ⴠୗ஦ᨾ᫬࡟ேయ
࡬ࡢ⾪ᧁࡀ኱ࡁ࠸ࡇ࡜࡞࡝࡟ࡼࡾ㸪Ᏻ඲ලࢆ⿦╔ࡋࡓሙྜ࡟ࡶ㸪༑ศ࡞㜵ㆤຠᯝࡀᮇᚅ࡛ࡁ࡞࠸ࡇ࡜ࡀᠱᛕࡉࢀࡿ㸬ᮏ᳨ウࡣ㸪㞷
ୗࢁࡋసᴗ୰ࡢ஦ᨾ㜵Ṇࢆᅗࡿࡇ࡜ࢆᛕ㢌࡟࠾ࡁ㸪㞷ୗࢁࡋసᴗࢆࡦ࡜ࡘࡢࢩࢫࢸ࣒࡜ࡋ࡚࡜ࡽ࠼㸪ᆅᇦࡢẼೃ᮲௳ࢆ⇍▱ࡋࡓᆅ
ᇦ௻ᴗ࡜ඹྠࡋ࡚㸪ᅛᐃ㔠≀ࡢタ⨨ࡢ᪉ἲ࠿ࡽ⿦╔⏝Ᏻ඲ලࡢᙧែࡲ࡛ࢆྵࡵࡓ஦ᨾ㜵Ṇࢩࢫࢸ࣒ࢆᥦ᱌ࡍࡿࡶࡢ࡛࠶ࡿ㸬  
㈐௵ⴭ⪅㐃⤡ඛ㸸ᑠᯘ ῟ ࠛ015-0055⏤฼ᮏⲮᕷୗᅵ㇂Ꮠᾏ⪁ࣀཱྀ 84-4 බ❧኱Ꮫἲே⛅⏣┴❧኱Ꮫࢩࢫࢸ࣒⛉Ꮫᢏ⾡Ꮫ㒊ᘓ⠏⎔
ቃࢩࢫࢸ࣒Ꮫ⛉㸬E-mail: jun_kobayashi@akita-pu.ac.jp 
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஦ᨾ㜵Ṇࢩࢫࢸ࣒ࡢᴫせ

㞷ୗࢁࡋసᴗࡢᡭ㡰
㞷ୗࢁࡋࡢᚲせᛶࡀ⏕ࡌࡓሙྜࡢసᴗ⪅ࡢ⾜ືࡣ㸪
᫬⣔ิⓗ࡟௨ୗࡢࡼ࠺࡟࡞ࡿ㸬 
ձ సᴗලࢆ‽ഛࡍࡿ㸬 
ղ ᒇ᰿ࡢୖ࡟᪼ࡿ㸬 
ճ ᒇ᰿ࡢୖ࡛ࡢ㝖㞷సᴗࢆ㛤ጞࡍࡿ㸬 
մ 㞷ୗࢁࡋ⤊஢ᚋ㸪ᒇ᰿࠿ࡽ㝆ࡾࡿ㸬 
յ ᤼㞷ࡉࢀࡓ㞷ࢆ㞷⁀ࡵ㸪᤼㞷⁁➼࡟ฎศࡋస
ᴗࢆ⤊஢ࡍࡿ㸬 
ᮏࢩࢫࢸ࣒ࡣୖグղ㹼մ࡟㛵ࡍࡿࡶࡢ࡛࠶ࡿ㸬 
 
✚㞷๓ࡢ‽ഛ㸦࿨⥘࣭ぶ⥘ᅛᐃ㔠≀㸧
୍⯡ࡢఫᏯ࡛ࡣ㸪ᒇ᰿ୖ࡟࿨⥘ࢆᅛᐃࡍࡿ㒊ศࡀ
タࡅࡽࢀ࡚ࡣ࠸࡞࠸㸬ࡑࡢ⤖ᯝ㸪Ᏻ඲ලࢆ⿦╔ࡏࡎ
࡟㞷ୗࢁࡋసᴗࡀ⾜ࢃࢀ࡚࠸ࡿࡢࡀᐇ≧࡛࠶ࡿ㸬ᒇ
᰿ⵌࡁᮦࡢ✀ู࡟࠿࠿ࢃࡽࡎ㸪୍⯡ࡢᮌ㐀ఫᏯࡢᒇ
᰿ࡣࢹࣜࢣ࣮ࢺ࡞㒊ศ࡛࠶ࡾ㸪Ṍ⾜࡞࡝࡟ࡼࡾ㸪ᒇ
᰿⎰ࡢ◚ᦆ㸪ᒇ᰿ⵌࡁ㗰ᯈࡢᦆയࡀ⏕ࡌࡓሙྜ࡟ࡣ㸪
ᮏ᮶ࡢᶵ⬟࡛࠶ࡿ㜵Ỉᛶࡀᦆ࡞ࢃࢀࡿྍ⬟ᛶࡀ࠶ࡿ㸬 
ࡇࡢࡼ࠺࡞㒊఩࡟࿨⥘ᅛᐃ⏝ࡢ㔠ලࢆ᪂ࡓ࡟タ
⨨ࡍࡿሙྜ࡟ࡣ㸪ᒇ᰿ࡢᵓ㐀࡜᪋ᕤἲ࡟㛵ࡍࡿᖜᗈ
࠸▱㆑ࡀᚲせ࡜࡞ࡿ㸬ᇶᮏⓗ࡟ࡣ㸪⎰ᒇ᰿࣭ᯈ㔠ᒇ
᰿࡟࠿࠿ࢃࡽࡎ㸪ᒇ᰿ⵌࡁᮦࡢୗ࡟ࡣ㔝ᆅᯈࡀ࠶ࡾ㸪
ࡑࢀࢆᆶᮌࡀᨭ࠼ࡿᵓ㐀࡟࡞ࡗ࡚࠸ࡿ㸦ᅗ 1㸧㸬 
 
 
ᅗ㸯 ᮌ㐀ᒇ᰿ࡢᵓ㐀㸦ᘓ⠏Ꮫ఍㸪ᵓ㐀⏝ᩍᮦࡼࡾ㸧
 ᆶᮌࡣ 40mm60mm⛬ᗘࡢゅᮦࡀ⏝࠸ࡽࢀ㸪㔝
ᆅᯈࡣཌࡉ 12mm⛬ᗘࡢྜᯈ࡞࡝ࡀ⏝࠸ࡽࢀ࡚࠸ࡿ㸬
ࡋࡓࡀࡗ࡚㸪㔝ᆅᯈࢆ㈏㏻ࡋ࡚ᆶᮌ࡟ᮌࡡࡌ࡛ᅛᐃ
࡛ࡁࡿ㔠≀ࡢᙧ≧ࢆᕤኵࡍࢀࡤ㸪᪤Ꮡࡢᒇ᰿࡟ᑐࡋ
࡚ࡶ࿨⥘࣭ぶ⥘ࢆᅛᐃࡍࡿࡓࡵࡢ㔠≀ࢆタ⨨ࡍࡿࡇ
࡜ࡀྍ⬟࡛࠶ࡿ㸬ᅗ 2Dࡣ㔝ᆅᯈࢆ㈏㏻ࡋ࡚ᆶᮌ࡟
㔠≀ࢆᅛᐃࡋࡓ≧ែ࡛㸪࣮࣋ࢫࣉ࣮ࣞࢺ࡟ࡣM16࣎
ࣝࢺࡀ⁐᥋ࡉࢀ࡚࠸ࡿ㸬ྠ(b)ࡣ⎰ࢆ㈏㏻ࡉࡏࡓᚋ࡟
࢔࢖ࢼࢵࢺࢆྲྀࡾ௜ࡅࡓ≧ែ࡛ࣜࣥࢢ㒊ศ࡟࿨⥘࣭
ぶ⥘ࢆᅛᐃࡍࡿ㸬ྠ(c)ࡣᯈ㔠ᒇ᰿࡬ࡢタ⨨౛࡛㸪ᒇ
᰿ⵌࡁᮦࡢ⾲㠃࠿ࡽ┤᥋ẕᒇࡲ࡛ᮌࡡࡌࢆ㈏㏻ࡉࡏ
࡚タ⨨ࡋ㸪ᙜヱ㒊ศ࡟ࡣ㜵Ỉࢩ࣮ࣝᮦࡀ᪋ᕤࡉࢀ࡚
࠸ࡿ㸬ⓑⰍࡢぶ⥘࡜࢜ࣞࣥࢪⰍࡢ⣽࠸࣮ࣟࣉࡀぢ࠼
ࡿࡀ㸪ࡇࡢ࣮ࣟࣉࡣ㞷࡟ᇙࡶࢀࡓᅛᐃ㔠≀ࢆぢࡘࡅ
᫆ࡃࡍࡿࡶࡢ࡛㸪✚㞷๓࡟ᆅ⾲ࡲ࡛㝆ࢁࡋ㸪࢞࢖ࢻ
࣮ࣟࣉ࡜ࡋ࡚⏝࠸ࡽࢀࡿ㸬 
 
  
      DE
 
                    F
ᅗ㸰 ࿨⥘࣭ぶ⥘ᅛᐃ㔠≀㸬
 
ᒇ᰿࡬ࡢ᪼㝆
ᒇ᰿࡟᪼ࡿࡓࡵ࡟ࡣᲓᏊࡀ⏝࠸ࡽࢀࡿࡀ㸪ࡇࡢ᫬
Ⅼ࡛ࡢ஦ᨾ౛ࡶᑡ࡞ࡃ࡞࠸㸬ᲓᏊࡢୗ㒊఩⨨ࢆ☜ಖ
ࡋࡓᚋ࡟㸪ᲓᏊୖ㒊ࢆ㌺㸪ࡅࡽࡤࢆᨭⅬ࡜ࡋ࡚ᅛᐃ
ࡍࡿࡇ࡜࡟࡞ࡿ㸬㊊ୗࡢᅛᐃࡣᆅୖసᴗ࡞ࡢ࡛ၥ㢟
ࡣ࡞࠸ࡀ㸪ୖ㒊ࡣ✚㞷࣭෾⤖ࡋࡓ఩⨨࡟᥃ࡅࡿࡇ࡜
࡟࡞ࡾ㸪ᲓᏊᅛᐃ⏝ࡢ㔠≀࡜㸪࿨⥘࣭ぶ⥘ᅛᐃ㔠≀ 
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࠿ࡽୗࡆࡽࢀࡓ࢞࢖ࢻ࣮ࣟࣉࢆ஦๓࡟タ⨨ࡋ࡚࠾ࡃ
ࡇ࡜࡛సᴗࡢᏳ඲ᛶࡀ☜ಖࡉࢀࡿ㸬 
ᅗ 3(a)ࡣᲓᏊୖ㒊ࡢ㸪(b)ࡣୗ㒊ࡢᅛᐃ≧ἣ࡛࠶
ࡿ㸬㌺ࡲࡓࡣࡅࡽࡤࡢඛ➃࡟⡆᫆࡞㔠≀ࢆᅛᐃࡋ
࡚࠾ࡁ㸪࿨⥘࣭ぶ⥘ᅛᐃ㔠≀࠿ࡽࡢ࢞࢖ࢻ࣮ࣟࣉ
ࢆ㢗ࡾ࡟ᲓᏊୖ㒊ࢆ᥃ࡅ㸪㔠≀࡟ᲓᏊࢆ⥭⤖ࡋ࡚
࠿ࡽᐇ㝿ࡢసᴗࢆ㛤ጞࡍࡿ㸬 
 
 
D
 
E
ᅗ㸱 ᲓᏊࡢᅛᐃ≧ἣ㸬
 
ᲓᏊ࠿ࡽᒇ᰿࡟᪼ࡿࡇ࡜࡟࡞ࡿࡀ㸪ᒇ᰿໙㓄ࡀ࠶
ࡿࡓࡵ㸪✚㞷࣭෾⤖ࡋࡓᩳ㊰ఏ࠸࡟ᒇ᰿㡬㒊࡟タ⨨
ࡉࢀࡓ࿨⥘࣭ぶ⥘ᅛᐃ㔠≀࡟ࡓ࡝ࡾ╔ࡃࡲ࡛࡟⁥ⴠ
ࡢ༴㝤ᛶࡀ࠶ࡿ㸬ࡇࡢⅬࢆゎỴࡍࡿࡓࡵ࡟㸪ᅗ 4࡟
♧ࡍࡼ࠺࡞㍍㔞ࡢ⡆᫆ᮌ〇ᲓᏊࢆᩳ㊰࡟⨨ࡁ㸪᪼ࡾ
ཱྀࢆᲓᏊ࡟ᅛᐃࡋ࡚࠾ࡅࡤ⁥ⴠࡢ༴㝤ࡣᅇ㑊࡛ࡁ㸪
ࡇࢀࢆ㊊ࡀ࠿ࡾ࡜ࡋ࡚ᒇ᰿㡬㒊࡟Ᏻ඲࡟฿㐩࡛ࡁࡿ㸬 
ࡇࢀࡽ୍㐃ࡢసᴗ㛤ጞ࡟࠶ࡓࡾ㸪๓㏙ࡋࡓぶ⥘ᅛ
ᐃ㔠≀࠿ࡽ㸪ᲓᏊᅛᐃ㔠≀ࡢ఩⨨ࢆ⤒⏤ࡋ࡚㸪ᆅୖ
ࡲ࡛㸪㉥Ⰽ࡞࡝ࡢ┠❧ࡘⰍࡢ࢞࢖ࢻ࣮ࣟࣉࢆタ⨨ࡋ
࡚࠾ࡃ࡜ᒇ᰿࡬ࡢ᪼㝆సᴗࡀᐜ᫆࠿ࡘ☜ᐇ࡟⾜࠼ࡿ㸬
ࡇࡢ࢞࢖ࢻ࣮ࣟࣉࡣ኱ࡁ࡞Ⲵ㔜ࢆᨭ࠼ࡿࡶࡢ࡛࡞ࡃ
࡚ࡶⰋࡃ㸪஦๓࡟タᐃࡋࡓᒇ᰿࡟᪼ࡿ࣮ࣝࢺ࡜㞷ࡢ 
ୗ࡟㞃ࢀ࡚࠸ࡿ㔠≀ࢆぢࡘࡅฟࡍࡓࡵࡢࡶࡢ࡛࠶ࡾ㸪
ᲓᏊࡢ௬ᅛᐃ࡟ࡶ᭷ຠ࡛࠶ࡿ㸬 
 
 
ᅗ㸲 ᩳ㠃⏝⡆᫆ᮌ〇ᲓᏊ㸬

㝖㞷సᴗࡢ‽ഛ
ᒇ᰿㡬㒊࡟タ⨨ࡋࡓぶ⥘ᅛᐃ㔠≀࡟࿨⥘ࢆ௬ᅛᐃ
ࡍࡿࡇ࡜࡛㸪௨㝆ࡢぶ⥘ࢆタ⨨ࡍࡿసᴗࡢᏳ඲ᛶࡀ
☜ಖ࡛ࡁࡿ㸬ྠᵝࡢᅛᐃ㔠≀ࢆᒇ᰿ࡢᩘ࢝ᡤ࡟タ⨨
ࡋ࡚࠾ࡁ㸪ࡑࡢ㛫࡟࿨⥘ࢆ᥃ࡅࡿࡓࡵࡢぶ⥘ࢆᙇࡿ
ࡇ࡜࡟ࡼࡾ㸪ᒇ᰿ࡢ࡯ࡰ඲㠃ࡢᗈ࠸⠊ᅖ࡛ࡢసᴗࡀ
ྍ⬟࡜࡞ࡿ㸬㸦ᅗ 5㸧 

 
ᅗ㸳 ぶ⥘ࡢタ⨨≧ἣ㸦↓✚㞷᫬㸧㸬
  
ࡇࡇ࡛㸪ぶ⥘࡜ࡣ㸪Ᏻ඲ᖏࡢ࿨⥘␃ࡵ㔠≀ࢆ᥃ࡅ
ࡿࡓࡵࡢሀᅛ࡞࣮ࣟࣉ࡛࠶ࡾ㸪ぶ⥘ࡢタ⨨⠊ᅖ࡟࿨
⥘ࡢ㛗ࡉࢆຍ࠼ࡓ⠊ᅖ࡛ࡢᏳ඲࡞సᴗࡀྍ⬟࡜࡞ࡿ㸬
ぶ⥘ࡣᒇ᰿ࡢᲷ࡟㏆࠸㒊ศ࡟タ⨨ࡍࡿࡇ࡜࡟࡞ࡿ㸬 
୍⯡ⓗ࡞࿨⥘ࡢ㛗ࡉࡣ 2㹫⛬ᗘ࡛࠶ࡿࡇ࡜࠿ࡽ㸪ぶ
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⥘࡜࿨⥘ࡢ⤌ྜࡏࡔࡅ࡛ࡣసᴗ⠊ᅖ࡟㝈ࡾࡀ࠶ࡿ㸬
୧⪅ࡢ㛫࡟㸪ᅗ 6࡟♧ࡍᕳࡁᑻᵝࡢఙ⦰ྍ⬟࡞⿦⨨
㸦࣋ࣝࣈࣟࢵࢡ㸧ࢆ௓ࡍࡿࡇ࡜࡟ࡼࡾసᴗ⠊ᅖࢆᒇ
᰿඲㠃࡟ᗈࡆࡿࡇ࡜ࡀྍ⬟࡜࡞ࡿ㸬ࡇࡢఙ⦰⿦⨨ࡣ
ᕷ㈍ရ࡛ 5~10㹫⛬ᗘࡢ⠊ᅖ࡛ఙ⦰ࡍࡿࡶࡢࡀධᡭ
ྍ⬟࡛࠶ࡾ㸪ࡑࡢ㔜㔞⮬యࡣぶ⥘࡟ᣢࡓࡏࡽࢀࡿ 
ࡇ࡜࠿ࡽసᴗ⪅ࡢ㈇ᢸ㔜㔞࡜ࡣ࡞ࡽ࡞࠸㸬㏻ᖖࡢస
ᴗ᫬࡟ࡣ⮬⏤࡟ఙ⦰ࡍࡿࡀ㸪⁥ⴠ࣭㌿ಽࡢ⾪ᧁࢆཷ
ࡅࡓሙྜ࡟ࡣఙ⦰㒊ࡀ▐᫬࡟ࣟࢵࢡࡉࢀࡿࡶࡢ࡛࠶
ࡾ㸪⮬ື㌴ࡢࢩ࣮ࢺ࣋ࣝࢺ࡜ྠᵝࡢࣟࢵࢡᶵᵓࢆ᭷
ࡍࡿࡶࡢ࡛࠶ࡿ㸬 

 
 
ᅗ㸴 ࣋ࣝࣈࣟࢵࢡࡢྲྀ௜≧ἣ㸬
 
Ᏻ඲ᖏ㸦⿦╔⏝ල㸧
 ᅗ 7㸪8࡟㸪㧗ᡤసᴗ࡟⏝࠸ࡿᏳ඲ᖏࡢ౛ࢆ♧ࡍ㸬
ᗈࡃᬑཬࡋ࡚࠸ࡿࡢࡣ⭜㒊ศ࡟╔⏝ࡍࡿ࣋ࣝࢺ≧ࡢ
ࡶࡢ࡛࠶ࡿ㸦ᅗ 7ᕥ㸧㸬ࡑࡢၥ㢟Ⅼࡣ㸪஦ᨾⓎ⏕᫬࡟
⭜㒊ศࡢࡳ࡟Ⲵ㔜ࡀ㞟୰ࡍࡿࡓࡵ⭡㒊࡬ࡢᅽ㏕ຊࡀ
኱ࡁࡃ㸪ࡑࡢࡇ࡜⮬య࡛ෆⶶᅽ㏕㸪⬨᳝ᦆയ࡞࡝ࡢ
ྍ⬟ᛶࡀ࠶ࡿࡇ࡜ࡣ࿘▱ࡢ஦ᐇ࡛࠶ࡿ㸬ࡲࡓ㸪ே㛫
ࡢୗ༙㌟࡜ୖ༙㌟ࡢ㔜㔞ࢆẚ㍑ࡍࡿ࡜㸪ᚋ⪅ࡢ᪉ࡀ
኱ࡁࡃ㸪࿨⥘ࡀసືࡋࡓሙྜ࡟ࡣୖ༙㌟ࡀୗ࡟࡞ࡿ㸪
࠸ࢃࡺࡿ㏫ࡉྞࡾࡢ≧ែ࡟࡞ࡿࢣ࣮ࢫࡀከ࠸㸬ࡇࡢ
ሙྜ࡟ࡣసᴗ⪅⮬㌟ࡢຊ࡛ཎ≧࡟᚟ᖐࡍࡿືసࡀ㠀 
ᖖ࡟ᅔ㞴࡜࡞ࡿࡇ࡜ࡶᠱᛕࡉࢀࡿせᅉ࡛࠶ࡿ㸬 
ࡇࢀ࡟ᑐࡋ࡚㸪㌟య඲యࢆ⫪࣭⭜࣭⫤㛵⠇㒊ศ࡛
ᨭ࠼ࡿ࣋ࣝࢺ≧ࡢᏳ඲ᖏࡶᕷ㈍ࡉࢀ࡚࠸ࡿࡀ㸪࣋ࣝ
ࢺࡀ⤡ࡳࡸࡍࡃ㸪ᐮ෭᫬࡟ᡭ⿄ࢆ╔ࡅࡓ≧ែ࡛ࡢ⿦ 
╔ࢆ㞴ࡋࡃࡍࡿせᅉ࡟࡞ࡗ࡚࠸ࡿ㸦ᅗ 7ྑ㸧㸬 
 
  
ᅗ㸵 ୍⯡ⓗ࡞Ᏻ඲ᖏ㸦ᕥ㸧࡜࣋ࣝࢺᘧᏳ඲ᖏ㸦ྑ㸧㸬
 
ᮏ᳨ウ࡛ࡣྠᵝࡢ࣋ࣝࢺ≧ࡢᏳ඲ᖏ࡟࣋ࢫࢺ≧ࡢ
ᕸᆅࢆ⤌ྜࡏ㸪ᡭ⿄ࢆ╔ࡅࡓࡲࡲ࡛ࡶᐜ᫆࡟⿦╔ࡀ
ྍ⬟࡞Ᏻ඲࣋ࢫࢺࢆᥦ᱌ࡋ࡚࠸ࡿ㸬㸦ᅗ 8㸧 
 
     
ᅗ㸶 ࣋ࢫࢺ≧Ᏻ඲ᖏࡢ⿦╔≧ἣ㸬
 
࣋ࢫࢺ≧Ᏻ඲ᖏࡣ୧⫪࠾ࡼࡧ⫤㛫ࢆᨭ࠼ࡿ࣋ࣝࢺ
ࢆ⬚㒊࠾ࡼࡧ⭜㒊࡛ࣂࢵࢡࣝᅛᐃࡍࡿࡶࡢ࡛㸪࣋ࢫ
ࢺ≧ࡢᕸࡀ⤌ࡳ㎸ࡲࢀ࡚࠸ࡿࡓࡵ⿦╔ࡀᐜ࡛᫆࠶ࡿ㸬
ྞࡾ㔠ලࡶ⫼୰㒊ศ࡟ྲྀࡾ௜ࡅࡽࢀ࡚࠾ࡾ㸪సᴗࡢ
ጉࡆ࡟ࡣ࡞ࡽࡎ㸪⁥ⴠ᫬࡟ࡣ㢌㒊ࡀୖ࡟࡞ࡿᙧ࡛ྞ
ࡾୗࡆࡽࢀࡿࡼ࠺㓄៖ࡉࢀ࡚࠸ࡿ㸬
⛅⏣┴⥲ྜ㜵⅏ㄢࡢࠕ㞷ୗࢁࡋసᴗᏳ඲ලᨵⰋ㛤
Ⓨ᳨ウ఍࡛ࠖࡢ᳨ウ⤖ᯝࢆ㋃ࡲ࠼㸪௨ୖࡢ⤌ྜࡏ࡟
ࡼࡿᏳ඲࡞సᴗࢩࢫࢸ࣒ࡢᥦ᱌ࡀ࡞ࡉࢀࡓࡀ㸪ࡑࡢ
ᬑཬࢆᅗࡿࡓࡵ࡟ࡣ㸪Ⰻዲ࡞సᴗᛶࢆᐇᆅヨ㦂࡛☜
ㄆࡋ㸪ྛ㒊ࡢᙉᗘ࡟ࡘ࠸࡚ࡢᏳ඲ᛶ㸦ᙉᗘ㸧☜ㄆヨ
㦂ࢆ⾜ࡗ࡚࠾ࡃᚲせࡀ࠶ࡿ࡜ࡢ⤖ㄽ࡟㐩ࡋࡓ㸬 
 
సᴗᛶ࡜Ᏻ඲ᛶࡢ☜ㄆᐇ㦂

సᴗᛶࡢ☜ㄆᐇ㦂
 
ࢩࢫࢸ࣒ྛ㒊ࡢᙉᗘ☜ㄆᐇ㦂
ⴠୗヨ㦂
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సᴗᛶ࡜Ᏻ඲ᛶࡢ☜ㄆᐇ㦂
⏤฼ᮏⲮᆅᇦ࡛ࡶ✚㞷ࡢከ࠸㫽ᾏᆅᇦ࡟࠶ࡿ 2㝵
ᘓ࡚ఫᒃ࡟࠾࠸࡚సᴗᛶࢆ☜ㄆࡍࡿࡓࡵࡢᐇᆅヨ㦂
ࢆ⾜ࡗࡓ㸬ࡉࡽ࡟㸪ᥦ᱌ࡋࡓࢩࢫࢸ࣒ࡢᏳ඲ᛶࢆ☜
ㄆࡍࡿࡓࡵ࡟㸪ࢲ࣑࣮ேᙧࢆ⏝࠸ࡓⴠୗᐇ㦂࡜㸪ࢩ
ࢫࢸ࣒ྛ㒊ࡢᙉᗘヨ㦂ࢆᐇ᪋ࡋࡓ㸬 

సᴗᛶࡢ☜ㄆᐇ㦂
 ᥦ᱌ࢩࢫࢸ࣒ࢆ⏝࠸ࡓసᴗᛶࡢ☜ㄆࡣ㫽ᾏ⏫࡟఩
⨨ࡍࡿ 2㝵ᘓ࡚ఫᏯ࡛⾜ࢃࢀࡓ㸬2013.02.22 ᙜ᪥ࡢ
✚㞷㔞ࡣᒇ᰿ୖ࡛ 50cm ⛬ᗘ࡛࠶ࡾ㸪ᚲࡎࡋࡶ㞷ୗ
ࢁࡋసᴗࡀᚲせ࡞≧ែ࡛ࡣ࡞࠸ࡀ㸪ᥦ᱌ࢩࢫࢸ࣒ࡢ
సᴗᛶࢆ☜ㄆࡍࡿࡓࡵ࡟㞷ୗࢁࡋసᴗࢆᐇ᪋ࡋࡓ㸬
ᅗ 9࡟♧ࡍࡼ࠺࡟㸪᪼㝆⏝ᲓᏊ㸪ᩳ㊰⏝ᲓᏊࢆ⏝
࠸࡚ᒇ᰿ୖ࡟࠶ࡀࡾ㸪సᴗ⠊ᅖࡢぶ⥘ࢆタ⨨ࡋࡓᚋ
࡟ఙ⦰⿦⨨࡜Ᏻ඲ᖏࢆ⏝࠸࡚㸪ຠ⋡ⓗ㸪࠿ࡘ㸪Ᏻ඲
࡟సᴗ࡛ࡁࡿࡇ࡜ࡀ☜ㄆ࡛ࡁࡓ㸬సᴗ⪅࡟ࡼࢀࡤ㸪
ᚑ᮶ࡢᡭἲ࡟ẚ࡭࡚సᴗຠ⋡ࡀ㧗ࡃ㸪Ᏻᚰឤࡀ࠶ࡿ
࡜ࡢࢥ࣓ࣥࢺࡀᚓࡽࢀ࡚࠸ࡿ㸬

 
 
ᅗ㸷 ᥦ᱌ࢩࢫࢸ࣒ࢆ⏝࠸ࡓసᴗ≧ἣ㸬
 
ࢩࢫࢸ࣒ྛ㒊ࡢᙉᗘ☜ㄆᐇ㦂
⁥ⴠ࣭㌿ಽ࡞࡝஦ᨾ᫬ࡢᏳ඲ᛶࢆ☜ಖࡍࡿࡓࡵ࡟
ࡣ㸪஦ᨾ᫬࡟స⏝ࡍࡿⲴ㔜࡟ᑐࡋ࡚ࢩࢫࢸ࣒ྛ㒊ࡀ
༑ศ࡞ᙉᗘࢆ᭷ࡋ࡚࠸ࡿࡇ࡜ࢆ☜ㄆࡍࡿᚲせࡀ࠶ࡿ㸬 
᭱ึ࡟ᐇ᪋ࡋࡓࡢࡣ㸪㛗ࡉ⣙ 3.5 m ࡢぶ⥘ࢆタ⨨ࡋ㸪
ࡑࡢ୰ኸ௜㏆࡟௒ᅇヨసࡋࡓᏳ඲ලࢆ⿦╔ࡋࡓࢲ࣑
࣮ேᙧ㸦㔜㔞⣙ 55 kg 㸧ࢆ㸪ぶ⥘࡜ࡣูࡢྞࡾ࣡࢖
࣮ࣖ࡟ࡼࡗ࡚௬ྞࡾࡋ࡚࠾ࡁ㸪ࡇࡢ࣡࢖࣮ࣖࢆษ᩿
ࡍࡿࡇ࡜࡛సᴗ⪅ࡢ⁥ⴠࢆᶍᨃࡋ࡚㸪ࡑࡢ㝿ࡢぶ⥘
➼࡟స⏝ࡍࡿⲴ㔜࡟ᑐࡋ࡚㸪ྛ㒊ࡢ⪏Ⲵຊࢆ☜ㄆࡍ
ࡿࡶࡢ࡛࠶ࡿ㸬 
ᐇ㦂ᚋ㸪ྛ㒊ࡢ◚ᦆࡢ᭷↓ࢆ☜ㄆࡍࡿ࡜࡜ࡶ࡟㸪
Ᏻ඲ᖏ࡜ぶ⥘ࡢ㛫࡟タ⨨ࡋࡓ࣮ࣟࢻࢭ᳨࡛ࣝฟࡋࡓ
㈇ⲴⲴ㔜࡜ぶ⥘ࡢࡓࢃࡳゅᗘ➼࡟ࡼࡾ㸪ᆶ┤ⴠୗࡢ
ሙྜࡢྛ㒊ศ࡟ᑐࡍࡿస⏝ຊࢆ᥎ᐃࡍࡿࡇ࡜ࢆ┠ⓗ
࡜ࡋ࡚࠸ࡿ㸬 
ᐇ㝿ࡢసᴗࡣ 3/10 㹼 4/10⛬ᗘࡢ໙㓄㸦ȟ㸻 17°
㹼 22°㸧ࢆ᭷ࡍࡿᒇ᰿ᩳ㠃ୖ࡛⾜ࢃࢀࡿࡇ࡜࠿ࡽ㸪
⁥ⴠ᫬ࡢస⏝ຊࡣᮏᐇ㦂᫬ࡢస⏝ຊ࡟ᑐࡋ࡚㸪sinȟ
ศᑠࡉࡃ࡞ࡿࡀ㸪㌺ඛ࠿ࡽ㌿ⴠࡍࡿሙྜࡶ࠶ࡾᚓࡿ
ࡢ࡛㸪༑ศᏳ඲ഃࡢホ౯⤖ᯝࡀᚓࡽࢀࡿࡼ࠺ᮏᐇ㦂
࡛ࡣᆶ┤ⴠୗᐇ㦂ࢆ᥇⏝ࡋ㸪ᚓࡽࢀࡓ⾪ᧁⲴ㔜ࢆࡶ
࡜࡟ྛ㒊ࡢᙉᗘⓗᏳ඲ᛶࢆ☜ㄆࡍࡿࡇ࡜࡜ࡋࡓ㸬 
 
ⴠୗヨ㦂
ⴠୗᐇ㦂ࡣࢫࣃࣥ 3.3m ࡢ㛫㝸࡟❧࡚ࡽࢀࡓ ᮏ
ࡢ㕲㦵ᰕ࡟ᅛᐃ㔠≀ࢆタ⨨ࡋ㸪ࡑࡢ㛫࡟ᙇࡽࢀࡓぶ
⥘࡟࣮ࣟࢻࢭࣝ࡜ఙ⦰⏝࣋ࣝࣈࣟࢵࢡࢆ௓ࡋ࡚࿨⥘
ࢆ᥃ࡅ㸪ࢲ࣑࣮ேᙧࡢᏳ඲ᖏࢆᨭᣢࡍࡿ᪉ᘧ࡜ࡋࡓ㸬
ࡑࡢ≧ែ࡛ࢲ࣑࣮ேᙧࢆู㏵ࢡ࣮࡛ࣞࣥྞࡾୖࡆ㸪
ྞࡾୖࡆ⏝ࡢ␒⥺ࢆษ᩿ࡍࡿࡇ࡜࡟ࡼࡾ⁥ⴠ࣭ⴠୗ
⌧㇟ࢆᶍᨃࡋࡓ㸬
⎰ᒇ᰿㸪ᯈ㔠ᒇ᰿࡞࡝ࡢ㐪࠸࡟ࡼࡾᅛᐃ㔠≀ࡢᙧ
≧ࡣ␗࡞ࡿࡀ㸪௒ᅇࡣ㸪㔝ᆅᯈ࡜ᆶᮌ㒊ศࡲ࡛ࢆヨ
㦂⠊ᅖ࡜ࡋ㸪ᅗ (a)࡟♧ࡋࡓࢫࢸࣥࣞࢫࣉ࣮ࣞࢺ࡟
M16࣎ࣝࢺࢆ⁐᥋ࡋࡓࡶࡢ࡜ࡋࡓ㸬ࡇࡢࢱ࢖ࣉࡣ✺
ฟࡋࡓ࣎ࣝࢺࡢඛ➃࡟ྲྀࡾ௜ࡅࡽࢀࡓ࢔࢖ࢼࢵࢺ㒊
࡟Ⲵ㔜ࡀస⏝ࡍࡿࡓࡵ㸪࣎ࣝࢺ࡜ྲྀ௜ࣉ࣮ࣞࢺ࡟స
⏝ࡍࡿ᭤ࡆ࣮࣓ࣔࣥࢺࡢᙳ㡪ࡶྵࡵ࡚ᙉᗘ☜ㄆ࡛ࡁ
ࡿ࠿ࡽ࡛࠶ࡿ㸬
Ᏻ඲ᖏ࡜ࡋ࡚ࡣ㸪ᚑ᮶ᆺࡢ⭜࣋ࣝࢺࢱ࢖ࣉ࡜௒ᅇ
ヨసࡋࡓ࣋ࢫࢺࢱ࢖ࣉࡢ ✀㢮ࢆ⏝࠸ࡓ㸬
ᅗ 10 ࡟♧ࡍࡼ࠺࡟㸪㔝ᆅᯈ࣭ᆶᮌ࡟ྲྀࡾ௜ࡅࡓ
ᅛᐃ㔠≀ࡣᆶᮌ㒊ศ࡛ࢩࣕࢥ୓ࢆ⏝࠸࡚㕲㦵ᰕ࡟ᅛ
ᐃࡉࢀ࡚࠾ࡾ㸪ぶ⥘࡜ྞࡾලࡢ㛫࡟ࡣ࣮ࣟࢻࢭࣝࢆ
㓄⨨ࡋ࡚ⴠୗ᫬ࡢ⾪ᧁຊࢆ ᐃࡍࡿࡇ࡜࡜ࡋࡓ㸬 
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

  
ᅗ㸯㸮 ᅛᐃ㔠≀࡜ྞࡾල㸬

ⴠୗヨ㦂ᚋࡢ≧ἣࢆᅗ 11࡟♧ࡍ㸬(a)ࡣ௒ᅇヨస
ࡋࡓ࣋ࢫࢺࢱ࢖ࣉࡢࡶࡢ࡛㸪(b)ࡣᚑ᮶ᆺࡢ⭜࣋ࣝࢺ
ࢱ࢖ࣉࡢࡶࡢ࡛࠶ࡿ㸬㖄┤ⴠୗ࡟ᑐࡋ࡚࠸ࡎࢀࡢሙ
ྜ࡟ࡶ⿦⨨ྛ㒊ࡢ◚᩿➼ࡢ␗ᖖࡣぢࡽࢀ࡞࠿ࡗࡓࡀ㸪
௒ᅇ㛤Ⓨࡋࡓ࣋ࢫࢺࢱ࢖ࣉࡢࡶࡢࢆ⏝࠸ࡓሙྜ࡟ࡣ
㢌㒊ࡀୖྥࡁࡢ≧ែ࡛Ⰻዲ࡞ែໃࡀ⥔ᣢࡉࢀ࡚࠸ࡿ
ࡢ࡟ᑐࡋ࡚㸪⭜࣋ࣝࢺࢱ࢖ࣉ࡛ࡣ㢌㒊ࢆୗ࡟ࡋࡓᙧ
࡛㏫ࡉྞࡾ≧ែ࡟࡞ࡗ࡚࠸ࡿ㸬
 
   
        DE
ᅗ㸯㸯 ⴠୗ┤ᚋࡢ≧ἣ㸬

ⴠୗ᫬⾪ᧁຊࡢ᥎ᐃ 
Ᏻ඲ᖏࡢྲྀ௜ࡅ㒊ศ࡟ࡣ࣮ࣟࢻࢭࣝࡀタ⨨ࡉࢀ
࡚࠾ࡾ㸪ⴠୗ᫬ࡢ⾪ᧁⲴ㔜ࡀ࿨⥘࡟స⏝ࡍࡿᙇຊ࡜
ࡋ࡚グ㘓ࡉࢀ࡚࠸ࡿ㸬ࡑࡢ୍౛ࢆᅗ ࡟♧ࡍ㸬
 
ᅗ㸯㸰 ⴠୗ᫬ࡢ㈇ⲴⲴ㔜㸬

5㹼6 ⛊⤒㐣ᚋࡢᏳᐃࡋࡓ≧ែ࡛ࢲ࣑࣮ேᙧࡢ㉁
㔞⣙ 55kg ࡟┦ᙜࡍࡿᙇຊࡀస⏝ࡋ࡚࠸ࡿࡇ࡜ࡀࢃ
࠿ࡿࡀ㸪ⴠୗ┤ᚋ࡟ࡣࡑࡢ ಸ㏆࠸㈇Ⲵࡀ⏕ࡌ࡚࠸
ࡿࡇ࡜࡟࡞ࡿ㸬ຍ㏿ᗘⓗ࡟ࡣ࡯ࡰ 3㹥࡟┦ᙜࡍࡿ⾪
ᧁ࡛࠶ࡿ㸬ⴠୗᚋࡢぶ⥘ࡢࡓࢃࡳࡣ⣙ FP࡛࠶ࡾ㸪
ぶ⥘ࡢタ⨨㛫㝸 3.3 m࡜ࡢ㛵ಀ࠿ࡽ㸪ぶ⥘࡟స⏝ࡍ
ࡿᙇຊࡣ∦ഃ࡛⣙ 2 kN⛬ᗘ࡛࠶ࡾ㸪ࡇࡢᙇຊ࡟➼
ࡋ࠸Ⲵ㔜ࡀᅛᐃ㔠≀࡟ࡶస⏝ࡋ࡚࠸ࡿࡇ࡜࡟࡞ࡿ㸬
)65.1/6.0(tan
)sin2(/
1 
u 
T
TWT
 
ࡇࡇ࡟㸪 W 㸸㖄┤Ⲵ㔜㸦kN㸧 
T 㸸ぶ⥘ᙇຊ㸦kN , ∦ഃ㸧 

๓㏙ࡋࡓࡼ࠺࡟㸪㝖㞷సᴗ୰ࡢ⁥ⴠࡣᒇ᰿ࡢᩳ㠃
ୖ࡛⏕ࡌࡿࡇ࡜࠿ࡽ㸪ᒇ᰿໙㓄ࢆ 4㸭10࡜ࡋࡓሙྜ
࡟ࡣᩳ㠃᪉ྥ࡬ࡢ⁥ⴠ࡟ᑐࡋ࡚ࡣ㸪㖄┤ⴠୗ᫬ࡢ⣙
37㸣ࡢⲴ㔜ࡀྛ㒊࡟స⏝ࡍࡿࡇ࡜࡟࡞ࡿ㸬
TTF u   37.0))4.0(tan(sin 1  
ࡇࡇ࡟㸪 F 㸸ᩳ㠃ୖ࡛ࡢぶ⥘ᙇຊ 

ࡓࡔࡋ㸪᭱ᝏࡢሙྜࡣ㌺ୗ࡬ࡢ㌿ⴠࡶ⪃࠼ࡽࢀࡿ
ࡇ࡜࠿ࡽ㸪ᮏ᳨ウ࡛ࡣ㖄┤ⴠୗ᫬ࡢ㈇ⲴⲴ㔜࡟ᑐࡋ
࡚⿦⨨ྛ㒊ࡢᙉᗘࢆ☜ㄆࡋ࡚࠾ࡃࡇ࡜࡜ࡋࡓ㸬

ྛ㒊ࡢᙉᗘ☜ㄆヨ㦂
ⴠୗᐇ㦂⤊஢ᚋ㸪ぶ⥘ᅛᐃ㔠≀㸪ぶ⥘㸪࣋ࢫࢺ≧
Ᏻ඲ᖏ㸪࣋ࣝࣈࣟࢵࢡ➼ࢆྵࡵ࡚◚ᦆ⟠ᡤࡣ☜ㄆ࡛
ࡁ࡞࠿ࡗࡓࡀ㸪௒ᅇヨసࡋࡓぶ⥘ᅛᐃ㔠≀࡜࣋ࢫࢺ
≧Ᏻ඲ᖏ࡟⏝࠸ࡓሙྜࡢࣉࣛࢫࢳࢵࢡ〇␃ࡵල࡟㛵
ࡋ࡚ࡣ㸪〇ရ࡜ࡋ࡚ࡢᙉᗘಖドࡀ࡞ࡉࢀ࡚࠸࡞࠸࡜
2013.7.29
Max. 1.69 kN
0
0.5
1
1.5
2
0 2 4 6 8 10
Time(s)
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d 
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)
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࠸࠺ほⅬ࠿ࡽ㸪୧⪅࡟ࡘ࠸࡚ࡣᙉᗘヨ㦂ࢆ⾜࠺ࡇ࡜
࡜ࡋࡓ㸬 
సᡂࡋࡓᅛᐃ㔠≀ࡣᅗ 13࡟♧ࡍ 3✀㢮࡛㸪ᆶᮌ࣭
㔝ᆅᯈ㒊ศ࡟ᅛᐃࡍࡿࡓࡵࡢࣅࢫ✰ࡢ࠶ࡿࢫࢸࣥࣞ
ࢫ㗰ᯈ࡟࣎ࣝࢺࢆ⁐᥋ࡋ㸪ࡑࡢ࣎ࣝࢺ࡟ࣜࣥࢢ≧ࡢ
࢔࢖ࢼࢵࢺࢆ⤌ࡳྜࢃࡏࡿࡶࡢ㸦A-type㸧㸪ྠᵝࡢ㗰
ᯈ࡟ UᏐᆺ㔠≀ࢆ⁐᥋ࡋࡓࡶࡢ㸦B, C-type㸧3✀㢮
࡛㸪BCࢱ࢖ࣉࡢ㐪࠸ࡣ㸪UᏐ㔠≀ࡢ✺㉳㧗ࡉ࡛
࠶ࡿ㸬B, Cࢱ࢖ࣉࡣ㸪Aࢱ࢖ࣉඛ➃ࡢ࢔࢖ࢼࢵࢺ㒊
ศࡀ┠❧ࡓ࡞࠸ࡼ࠺࡟ᨵⰋࡋࡓࡶࡢ࡛㸪ࢫࢸࣥࣞࢫ
࣡࢖࣮ࣖࢆ㗰ᯈ㒊࡟┤᥋ྲྀࡾ௜ࡅࡽࢀࡿࡓࡵ㸪⎰ᒇ
᰿ࡢሙྜ࡟ࡣ✚㞷ᮇ௨እࡣ㸪⎰ࡢୗ࡟࣡࢖࣮ࣖ࡜࡜
ࡶ࡟཰⣡ࡋ࡚࠾ࡃࡇ࡜ࡀ࡛ࡁࡿ㸬௒ᅇࡢⴠୗᐇ㦂࡛
౑⏝ࡋࡓࡢࡣ A-typeࡢࡶࡢ࡛㸪ぶ⥘ࢆྲྀࡾ௜ࡅࡿ఩
⨨ࡀ࣮࣋ࢫ㔠≀࠿ࡽ㞳ࢀ࡚࠾ࡾ㸪᭤ࡆ࣭ࡡࡌࡾࡢᙳ
㡪ࢆྵࡵ࡚ホ౯࡛ࡁࡿ࡜⪃࠼ࡓࡓࡵ࡛࠶ࡿ㸬ࡇࡢ㔠
≀ࢆᆶᮌ࣭㔝ᆅᯈ࡟ᅛᐃࡋ㸪ᆶᮌ㒊ศࢆᅛᐃࡋࡓ≧
ែ࡛ୖྥࡁ᪉ྥࡢᘬᙇຊ࡜㸪Ỉᖹ᪉ྥࡢࡏࢇ᩿ຊࢆ
ຍ࠼ࡿヨ㦂ࢆูࠎ࡟ᐇ᪋ࡋࡓ㸬

    
ᅗ㸯㸱 ᅛᐃ㔠≀ࡢᙧ≧㸦ᕥ࠿ࡽ㸸㸿㸪㹀㸪㹁㸧㸬

ᅗ ࡟♧ࡍ࣋ࢫࢺ≧Ᏻ඲ᖏࡢࣉࣛࢫࢳࢵࢡ〇␃
ࡵලࡣࠕಖㆤ⏝ල ࡜ࠖࡋ࡚ࡢ౑⏝ᐇ⦼ࡀ↓ࡃ㸪ࡲࡓ㸪
ᐮ෭ᮇ࡛ࡢ౑⏝ࢆ⪃࠼ࡿ࡜ప ࡟ࡼࡿᙉᗘపୗࡶᠱ
ᛕࡉࢀࡿ㸬ࡑࡇ࡛㸪ࣉࣛࢫࢳࢵࢡ〇␃ࡵල࡟㛵ࡋ࡚
ࡣ㸪ᖖ ᫬㸦⣙ 20 Υ㸧࡜෭༷᫬㸦-15 Υ㸧ࡢሙྜ
ࡢᙉᗘ☜ㄆࢆ⾜ࡗࡓ㸬


ᅗ㸯㸲 ࣉࣛࢫࢳࢵࢡ〇␃ࡵල㸬
ᐇ㦂⤖ᯝ
ᅛᐃ㔠≀ྲྀ௜㒊ࡢᙉᗘ☜ㄆࡣ ✀㢮ࡢᙧ≧ࡢ㔠≀
࡟ᑐࡋ࡚ࡑࢀࡒࢀ㸪ྲྀ௜᪉ྥ࡟ᑐࡍࡿ᢬ᢠຊ㸦ᘬᙇ
ヨ㦂㸧࡜Ỉᖹ᪉ྥ࡟ᑐࡍࡿ᢬ᢠຊ㸦ࡏࢇ᩿ヨ㦂㸧ࡢ
✀㢮ࢆ⾜ࡗࡓ㸬ヨ㦂యࡢ୍ぴ࡜ᐇ㦂⤖ᯝࡢ⪏ຊࢆ
ྜࢃࡏ࡚⾲ ࡟♧ࡍ㸬
࠸ࡎࢀࡶᚲせ࡜ࡉࢀࡿᙉᗘ 2kNࢆ‶㊊ࡋ࡚࠾ࡾ㸪
≉࡟ B㸪Cヨ㦂యࡣ㸪㔠≀㒊ศ࡛⪏ຊࡀỴࡲࡽࡎ㸪
ྲྀ௜㒊ࡢẕᒇ࣭ᆶᮌࡢᙉᗘ࡛᭱኱⪏ຊࡀỴᐃ௜ࡅࡽ
ࢀ࡚࠸ࡿ㸬Aヨ㦂యࡣࣉ࣮ࣞࢺ㒊ࡢ᭤ࡆ㝆అ࡛⪏ຊ
ࡀỴࡲࡗ࡚࠸ࡿࡀ㸪ࡑࡢ⌮⏤ࡣ࣎ࣝࢺࡀࣉ࣮ࣞࢺ࡟
ᑐࡋ࡚೫ᅾࡋ࡚࠸ࡿࡓࡵ࡛࠶ࡿ㸬ࡇࡢࢱ࢖ࣉࡣ㛤Ⓨ
ᙜึ㸪⎰ᒇ᰿࡬ࡢྲྀ௜᪉ἲ࡜⣡ࡲࡾࢆ⪃៖ࡋ࡚ヨస
ࡉࢀࡓࡶࡢ࡛㸪⌧ᅾࡣ୰ኸ㒊࡟࣎ࣝࢺࢆྲྀࡾ௜ࡅࡿ
ࡼ࠺௙ᵝኚ᭦ࡉࢀ࡚࠸ࡿ㸬

⾲㸯 㔠≀ྲྀ௜㒊ศヨ㦂⤖ᯝ୍ぴ㸬
ヨ㦂యྡ ຍຊ᪉ྥ
◚ቯⲴ㔜
N1 ◚ቯ≧ἣ 
$ ᘬᙇ  ࣉ࣮ࣞࢺ᭤ࡆ㝆అ
$ ᘬᙇ  ࣉ࣮ࣞࢺ᭤ࡆ㝆అ
$ ࡏࢇ᩿  ࣉ࣮ࣞࢺ᭤ࡆ㝆అ
% ࡏࢇ᩿  ᆶᮌ๭ࢀ
% ᘬᙇ  ᆶᮌᢡᦆ
% ᘬᙇ  ᆶᮌᢡᦆ
& ᘬᙇ  ᆶᮌᢡᦆ
& ᘬᙇ  ᆶᮌᢡᦆ
& ࡏࢇ᩿  ᆶᮌ๭ࢀ

ࣉࣛࢫࢳࢵࢡ〇␃ࡵලࡢᙉᗘヨ㦂⤖ᯝࢆ⾲ ࡟♧
ࡍ㸬 ᗘ᮲௳࡟ࡼࡿᕪࡣ᫂☜࡟ࡣㄆࡵࡽࢀࡎ㸪࠸ࡎ
ࢀࡶ 1 kN⛬ᗘࡢ⪏ຊࢆ♧ࡋ࡚࠸ࡿ㸬ྠ ᫬࡟࣋ࣝࢺ⮬
యࡢᙉᗘ☜ㄆࡶ⾜ࡗࡓࡀ㸪7 kN ௨ୖࡢᙉᗘࢆ♧ࡋ࡚
࠸ࡿ㸬࣋ࢫࢺ≧Ᏻ඲ᖏࡣேయ࡟࠿࠿ࡿ⾪ᧁຊࢆศᩓ
ࡉࡏࡿࡇ࡜ࡀ┠ⓗ࡛࠶ࡾ㸪␃ࡵලࡣ⬚㒊㸪⬗㒊㸪⫤
㛫㒊࡟ィ ࣨᡤ⏝࠸ࡽࢀ࡚࠸ࡿ㸬ࡋࡓࡀࡗ࡚㸪୍ࣨ
ᡤ࠶ࡓࡾࡢ㈇ᢸຊࡣࣂࢵࢡࣝ⪏ຊࡼࡾࡶࡣࡿ࠿࡟ᑠ
ࡉࡃ㸪ᐮ෭᫬ࡢ౑⏝ࢆྵࡵ࡚༑ศ࡞ᙉᗘࡀ☜ಖࡉࢀ
࡚࠸ࡿࡶࡢ࡜⪃࠼ࡽࢀࡿ㸬

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⾲㸰 ␃ࡵල㒊ศヨ㦂⤖ᯝ୍ぴ㸬
ヨ㦂య  ᗘ᮲௳ ⪏ຊN1
1R Υ 
1R Υ 
1R Υ 
1R Υ 
1R Υ 
࣋ࣝࢺ Υ 

ࡲ࡜ࡵ࡜௒ᚋࡢ᪉⟇

✚㞷ᆅᇦࡢᒇ᰿ࡢ㞷ୗࢁࡋసᴗ୰ࡢ⁥ⴠ࣭㌿ⴠ஦
ᨾࢆ㜵Ṇࡍࡿࡓࡵ࡟㸪⿦╔ࡀ⡆౽࡛సᴗᛶࢆᦆ࡞ࢃ
࡞࠸Ᏻ඲ჾල࡜㞷ୗࢁࡋసᴗࡢᡭ㡰ࢆ᳨ウࡋ㸪㞷ୗ
ࢁࡋసᴗ᫬ࡢ஦ᨾ㜵Ṇࢩࢫࢸ࣒࡜ࡋ࡚ᥦ᱌ࡋࡓ㸬ྠ
ࢩࢫࢸ࣒ࢆᐇ᪋ࡍࡿ࡟࠶ࡓࡗ࡚ࡣ㸪෤Ꮨసᴗ࡟ඛ❧
ࡕ㸪஦๓࡟ぶ⥘࡞࡝ࡢᅛᐃ㔠ලࢆタ⨨ࡋ࡚࠾ࡃᚲせ
ࡀ࠶ࡿࡀ㸪ࡑࡢ㒊ศࢆྵࡵ࡚ྛ㒊࡟స⏝ࡍࡿຊ࡟ᑐ
ࡋ࡚ࡢᙉᗘࢆ☜ㄆࡍࡿࡓࡵࡢ☜ㄆᐇ㦂ࢆᐇ᪋ࡋࡓ㸬
᫖ᖺᗘࡢ✚㞷ᮇ࡟⾜ࡗࡓసᴗຠ⋡ࡢ☜ㄆᐇ㦂࡛ࡣ
Ⰻዲ࡞సᴗᛶࡀ☜ㄆࡉࢀ࡚࠾ࡾ㸪௒ᖺᗘᐇ᪋ࡋࡓᙉ
ᗘ☜ㄆヨ㦂ࡢ⤖ᯝ࡜ྜࢃࡏ࡚ࢩࢫࢸ࣒ࡢ᭷ຠᛶࡀ☜
ㄆ࡛ࡁࡓ㸬௒ᚋ㸪ྠࢩࢫࢸ࣒ࡢᬑཬࢆᅗࡿࡇ࡜࡛෤
Ꮨ㛫ࡢ஦ᨾࢆῶᑡࡉࡏࡿࡇ࡜ࡀྍ⬟࡜⪃࠼ࡽࢀࡿࡀ㸪
ࡑࡢࡓࡵ࡟ࡣᮏ᳨ウ⤖ᯝࡢ࿘▱ࢆᅗࡿ࡜࡜ࡶ࡟㸪⾜
ᨻᶵ㛵ࡢ༠ຊࢆᚓ࡞ࡀࡽ㸪ᅛᐃ㔠ලࡢ஦๓タ⨨ࢆಁ
㐍ࡍࡿᚲせࡀ࠶ࡿ㸬
ᖺ㛫࡟ࢃࡓࡿ᳨ウࢆ⤒࡚㸪ྛ✀ࡢᒇ᰿ᙧ≧࡟ᑐ
ᛂ࡛ࡁࡿᅛᐃ㔠ල࡜࣋ࢫࢺ≧Ᏻ඲ᖏࡢᨵⰋࡣ᪤࡟⤊
஢ࡋ࡚࠾ࡾ㸪௒ᚋࡢᬑཬࡀᮇᚅࡉࢀࡿ㸬

ㅰ㎡

ᮏ◊✲ࡣ㸪⛅⏣┴⥲ྜ㜵⅏ㄢࡀ⤌⧊ࡋࡓࠕ㞷ୗࢁ
ࡋసᴗᏳ඲ලᨵⰋ㛤Ⓨ᳨ウ఍ࠖ࡜ࡢඹྠ㛤Ⓨ࡟ࡼࡾ
ᐇ᪋ࡉࢀࡓࡶࡢ࡛࠶ࡿ㸬ཧຍ௻ᴗ࡛࠶ࡿᮌෆၟᶵओ㸪
ࢧ࣮ࣥࣝࣇ KANEKO㸪ᘅ℩⏘ᴗओࡢྛ఩࡟ㅰពࢆ⾲
ࡍࡿ㸬 
 

ཧ⪃ᅗ㸯 ᅛᐃ㔠≀ྲྀ௜㒊ศᙉᗘ☜ㄆヨ㦂㸦ᘬᙇ㸧㸬


ཧ⪃ᅗ㸰 ␃ࡵල㒊ศᙉᗘ☜ㄆヨ㦂㸦ᖖ 㸧㸬


ཧ⪃ᅗ㸱 ␃ࡵල㒊ศᙉᗘ☜ㄆヨ㦂㸦෭༷᫬㸧㸬


    ᖹᡂ ᖺ ᭶ ᪥ ཷ௜
ᖹᡂ ᖺ ᭶ ᪥ ཷ⌮

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The northern parts of Japan, along the coast of the Japan Sea, suffer from heavy snowfall during the winter season. The snow in this area is humid and 
can sometimes have a relative density exceeding 0.3 for stacked snow. Because of the Tsushima Current (warm current) and seasonal cold winds from 
Asia, the depth of the stacked snow may exceed 100 cm in one day. To reduce the gravity load affecting the roof structure, inhabitants must climb up 
onto the roof and remove the stacked snow. Every year more than 200 injuries caused by rooftop snow removal are reported in the Akita prefecture. 
Some other prefectures also suffer from the same problem. The main reason for these accidents is a lack of awareness of the risky nature of the work 
on iced and slippery rooftops. The importance of a lifeline has been emphasized, and some people actually use a lifeline during rooftop snow 
removal.  
To utilize a lifeline, hooks and/or anchors have to be fixed on the roof beforehand. For most of the sustained injuries, this procedure is neglected 
which results in similar number of injuries every year. In this report, a simple procedure to avoid these injuries is proposed. The procedure includes a 
method for setting the hooks and anchors on the rooftops before winter, and also promotes the use of particular equipment to secure the worker on the 
roof. The combination of a newly proposed harness, light weight ladder, and guide rope, along with other available equipment, allows workers to 
easily and safely work on rooftops. The effectiveness of the procedure was confirmed through a field test, and the strength of the equipment used in 
the procedure was verified by laboratory tests. 
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